Introduction
Th e genus Ganoderma P. Karst. is characterized by having annual to perennial, pileate, sessile to stipitate sporocarps; laccate or non-laccate, azonate to zonate abhymenial surface; poroid hymenial surface; homogeneous/duplex/three layered context; trimitic hyphal system; thin-walled, clamped generative hyphae; thick-walled, non-septate, occasionally branched skeleto-binding hyphae; much branched, randomly oriented, thick-walled, nonseptate binding hyphae; hymeniodermis/anamixodermis/trichodermis type of pilear crust; tetrasterigmate basidia with a basal clamp and ellipsoid, truncate, guttulate, brownish, inamyloid, acyanophilous basidiospores.
Ganoderma was established by Karsten (1881) , with a type species G. lucidum. Th is genus is distributed worldwide with 207 species (Mycobank 2017 Fig. 1 Sporocarp annual, stipitate; pileus up to 14 × 8.5 × 1.5 cm, dimidiate to reniform, corky when fresh, woody on drying; abhymenial surface concentrically zonate and sulcate, radially rugose, laccate, reddish brown to violet-brown when fresh, not changing much on drying; hymenial surface poroid, reddish grey when fresh, not changing much on drying; pores 6-8 per mm, round to angular; dissepiments thick, entire; pore tubes up to 6 mm long, dull red; context up to 9 mm thick, soft, greyish red, homogeneous; margins obtuse, irregularly wavy to deeply lobed, greyish orange to brownish orange on the abhymenial side, paler concolourous on the hymenial side, sterile up to 4 mm. Stipe up to 8 × 3.5 cm, lateral, subcylindrical to fl exuous, solid, violet brown, laccate. Pilear crust as hymeniodermis. Cuticular elements 43-60 × 7.5-9.7 μm, clavate, thick-walled, with or without septa, brown, inamyloid. Hyphal system trimitic. Generative hyphae up to 3.7 μm wide, branched, septate, clamped, thin-walled. Skeleto-binding hyphae up to 5.3 μm wide, non-septate, thick-walled. Binding hyphae up to 3.1 μm wide, with arboriform branching, non-septate, thick-walled. Basidia not seen. Basidiospores 8.7-11.5 × 5.6-7.4 μm, ellipsoid, truncate at the distal end; guttulate, inamyloid, acyanophilous; perispore thin, subhyaline, under LM smooth, exospore thick, brown, with prominent pillars.
Specimen examined: INDIA, Punjab: Sangrur, Chittanwala, in association with roots of Dalbergia sissoo, 30.368° N, 75.867° E, alt. 252 m, 6 Sept 2015, Gurpreet and Avneet 8511 (PUN) .
Comments. Th is species is characteristic in having hymeniodermis pilear crust, laccate abhymenial surface and stipe. Earlier from India, it has been reported/listed from Tamil Nadu and Maharashtra (Sharma 2012; Ranadive 2013) . It is reported herein for the fi rst time from Punjab.
2.
Ganoderma applanatum (Pers.) Pat. Bulletin de la Société Mycologique de France 5: 67, 1889. -Boletus applanatus Pers. Observationes Mycologicae 2: 2, 1799.
Fig. 2 Sporocarp perennial, sessile, pileus up to 12 × 6 × 2.6 cm, applanate, solitary to imbricate, woody; abhymenial surface non-laccate, rough to irregularly zonate and sulcate, greyish red to brownish orange to light brown to brown when fresh, dull red to reddish brown on drying; hymenial surface poroid, reddish grey when fresh, orange white to pale orange on drying; pores round, 4-5 per mm; dissepiments thick, entire; context up to 1.5 cm thick, reddish brown; pore tubes up to 1.1 cm long, dull red; margins obtuse, wavy, yellowish grey to orange white on both abhymenial and hymenial sides, sterile up to 3 mm. Pilear crust as trichodermis, fragile, composed of agglutinated thin-walled generative hyphae, thick-walled, brown, skeletal hyphae and binding hyphae. Hyphal system trimitic. Generative hyphae up to 4 μm wide, branched, septate, clamped, thin-walled, subhyaline. Skeleto-binding hyphae up to 3.4 μm wide, with arboriform branching, non-septate, thickwalled. Skeletal hyphae up to 3.8 μm wide, non-septate, thick-walled. Basidia not seen. Basidiospores 7.6-10.3 × 4.5-6.8 μm, ovoid, smooth, truncate at the distal end; guttulate, inamyloid, acyanophilous; perispore thin, subhyaline, smooth; exospore thick, brown, bearing an inter-wall pillars. Comments. Th is species diff ers from the previous one in having applanate sporocarps with trichodermis type pilear crust. From India, it has earlier been reported/listed from West Bengal and Assam (Bose 1920 (Bose , 1922 (Bose , 1937 , Uttarakhand (Bagchee et al. 1954) , West Bengal (Banerjee 1947; Sharma & Ghosh 1989) , Uttarakhand (Th ind & Chatrath 1960; Steyaert 1972) , Madhya Pradesh (Saxena 1961) , plains and temperate Himalaya (Bakshi 1971) , Uttarakhand, Himachal Pradesh and Maharashtra (Steyaert 1972) , Himachal Pradesh, Jammu and Kashmir and Uttarakhand , Arunachal Pradesh (Singh 1987) , district Hoshiarpur in Punjab (Lalji 2003) , Himachal Pradesh and Uttarakhand (Sharma 1985 (Sharma , 2000 (Sharma , 2012 , Maharashtra (Bhosle et al. 2010; Ranadive et. al. 2011; Ranadive 2013) , and Uttarakhand Sporocarp perennial, sessile, pilei up to 9 × 14 × 3 cm, solitary, arising in association with old sporocarp, spathulate to dimidiate, corky when fresh, woody on drying; abhymenial surface non-laccate, rugose, concentrically sulcate and zonate towards the peripheral region, greyish brown to brown when fresh, reddish brown on drying; hymenial surface poroid, reddish grey to greyish brown when fresh, greyish brown on drying; pores angular, 3-5 per mm; dissepiments thick, entire; context up to 1.5 cm thick, reddish brown, homogeneous; pore tubes up to 1.5 cm long, reddish brown; margins obtuse, sterile up to 3 mm, concolorous on the hymenial side, reddish grey on the abhymenial side. Pilear crust as anamixodermis, hard, dark reddish brown, composed of agglutinated subhyaline, thin-walled generative hyphae, thick-walled, non-septate, occasionally branched, brown skeletal hyphae and much branched, randomly oriented, thick-walled, non-septate, lightbrown binding hyphae. Hyphal system trimitic. Generative hyphae up to 2.2 μm wide, branched, septate, clamped, thin-walled, subhyaline. Skeletal hyphae up to 7.1 μm wide, occasionally branched, non-septate, thick-walled, brown. Binding hyphae up to 3.1 μm wide, arboriform, much branched, non-septate, thick-walled, light brown. Basidia not seen. Basidiospores 8-11.4 × 5.2-7.1 μm, ellipsoid, truncate at the distal end; guttulate, inamyloid, acyanophilous; perispore thin, subhyaline, smooth; exospore thick, brown, bearing an inter-wall pillars. Comments. Th is species can be diff erentiated from G. amboinense in having anamixodermis pilear crust. It is reported herein for the fi rst time from the study area. From India, it has earlier been reported/listed from Maharashtra, West Bengal, Kerala and Himachal Pradesh (Bakshi 1971; Sharma & Ghosh 1989; Leelavathy & Ganesh 2000; Sharma 2000 Sharma , 2012 Kaur 2013; Ranadive 2013) . Fig. 4 Sporocarp annual, semicircular, stipitate; pileus up to 12 × 13 × 2 cm, corky; abhymenial surface laccate, sulcate, brownish orange to reddish brown when fresh, light brown to reddish brown on drying; hymenial surface poroid, greyish red when fresh, greyish brown to brown on bruising as well as drying; pores 4-5 per mm, round to angular; dissepiments thin, entire; pore tubes up to 6 mm long, light brown; context up to 1.4 cm thick, dark brown, homogeneous; margins obtuse, somewhat irregular. Stipe up to 9 × 3 cm, dorsolateral, cylindrical with swollen base, solid, brownish orange to reddish brown, laccate. Pilear crust as hymeniodermis, light brown. Cuticular elements 33.5-44.7 × 11-13 μm, clavate to subclavate or irregular, sinuous, generally lobed, sometimes with short protuberances, amyloid. Hyphal system trimitic. Generative hyphae up to 3.4 μm wide, branched, septate, clamped, thin-walled, subhyaline. Skeleto-binding hyphae up to 6 μm wide, non-septate, thick-walled, rarely branched. Binding hyphae up to 4.3 μm wide, with arboriform branching, non-septate, thick-walled. Basidia not seen. Basidiospores 7-12.1 × 4.7-7 μm, ellipsoid to subellipsoid, truncate at the distal end; guttulate, inamyloid, acyanophilous; perispore thin, subhyaline, smooth; exospore thick, brown, bearing an inter-wall pillars. Comments. Th is species is characterized by laccate abhymenial surface, dark brown context and cuticular elements with short protuberances. It is reported herein for the fi rst time from the study area. From India, it has earlier been reported from Uttarakhand . Fig. 5 Sporocarps annual, semicircular, stipitate; pileus up to 15 × 14 × 2.6 cm, corky; abhymenial surface laccate, sulcate, weakly zonate towards the margin, radially-rugose, garnet brown when fresh, not changing much on drying; hymenial surface poroid, greyish red when fresh, greyish brown to brown on bruising as well as drying; pores 5-6 per mm, round to angular; dissepiments thin, entire; pore tubes up to 1.2 cm long, greyish brown; context up to 1.4 cm thick, fi brous, soft, with resinous bands, duplex, reddish brown zone near the pore tubes, light brown towards the abhymenial side; margins thinning, irregular, acute to somewhat obtuse, sterile up to 1 mm, concolorous on the hymenial as well as abhymenial sides. Stipe up to 7 × 2.7 cm, dorsolateral, subcylindrical, somewhat fl attened, violet brown, laccate. Pilear crust as hymeniodermis. Cuticular elements 41-111 × 6.8-9 μm, clavate to subclavate, sinuous, sometimes lobed, smooth, thick-walled, amyloid in the apical part. Hyphal system trimitic. Generative hyphae up to 3.3 μm wide, branched, septate, clamped, thin-walled, subhyaline. Skeletal hyphae up to 7.6 μm wide, occasionally branched, non-septate, thick-walled, brown. Binding hyphae up to Comments. Th is species is characteristic in having stipitate sporocarps and duplex context with resinous bands. It is reported herein for the fi rst time from Punjab. From India, it has earlier been reported/listed from Maharashtra (Foroutan & Vaidya 2007; Bhosle et al. 2010; Ranadive 2013) , Uttarakhand, Meghalaya and West Bengal (Sharma 2000 (Sharma , 2012 , Himachal Pradesh (Kaur 2013) , and Uttarakhand Fig. 6 Sporocarp perennial, as the new pileus develops from the lower side of old pileus in the subsequent years, sessile, pileus up to 32 × 17 × 7.2 cm, applanate, woody; abhymenial surface non-laccate, sulcate, greyish brown to brown, light brown to brown on drying; hymenial surface poroid, greyish red when fresh, greyish brown to brown on bruising as well as drying; pores 4-5 per mm, round to somewhat angular; dissepiments thick, entire; pore tubes up to 4 cm long, dark brown; context up to 3.2 cm thick, reddish brown; margins irregularly wavy to lobed, obtuse, sterile up to 1 mm, paler concolorous on the hymenial side, concolorous on the abhymenial side. Pilear crust as anamixodermis, hard, dark brown, composed of agglutinated subhyaline, thin-walled generative hyphae, thickwalled, non-septate, occasionally branched, brown skeletal hyphae and much branched, randomly oriented, thick-walled, non-septate, light brown binding hyphae. Hyphal system trimitic. Generative hyphae up to 2.7 μm wide, branched, septate, clamped, thin-walled, subhyaline. Skeleto-binding hyphae up to 4.6 μm wide, non-septate, thick-walled, rarely branched. Binding hyphae up to 4 μm wide, with arboriform branching, non-septate, thick-walled. Basidia not seen. Basidiospores 7.9-10 × 5.2-5.9 μm, ellipsoid, truncate at the distal end; guttulate, inamyloid, acyanophilous; perispore thin, subhyaline, smooth; exospore thick, brown, the two walls connected by inter-wall pillars. Comments. It is a perennial species, reported herein for the fi rst time from the study area. From India, it has earlier been described/listed from Himachal Pradesh (Kaur 2013) , Uttarakhand and Maharashtra (Foroutan & Vaidya 2007; Ranadive et al. 2011 Ranadive et al. , 2013 Fig. 7 Sporocarps annual, stipitate, pileus up to 21.5 × 17 × 2 cm, dimidiate, corky; abhymenial surface laccate, sulcate, zonate, reddish brown to brown when fresh as well as on drying; hymenial surface poroid, reddish grey when fresh, greyish brown on bruising, orange grey on drying; pores 4-5 per mm, round; dissepiments thin, entire; pore tubes up to 9 mm long, light brown; context up to 1.1 cm thick, usually duplex, . e. Basidiospores. f. Generative hyphae. g. Skeleto-binding hyphae. h. Binding hyphae. i. Cuticular elements. Scale bar (e-i) = 10 μm light brown towards the abhymenial side, reddish brown towards pore tubes, ocassionally homogeneous; margins obtuse, irregularly wavy to lobed, involute, concolorous on the abhymenial side, sterile up to 5 mm, reddish brown on the hymenial side. Stipe up to 9 × 3.5 cm, eccentric, subcylindrical, solid, violet brown, laccate. Pilear crust as hymeniodermis. Cuticular elements 33-37 × 8.7-11 μm, clavate, smooth, thick-walled, inamyloid. Hyphal system trimitic. Generative hyphae up to 2.8 μm wide, branched, septate, clamped, thin-walled. Skeleto-binding hyphae up to 5.9 μm wide, occasionally with arboriform branching, non-septate, thick-walled. Binding hyphae up to 2.5 μm wide, sinuous, branched (bovista type), non-septate, thick-walled. Basidia not seen. Basidiospores 9-11.3 × 5.9-6.6 μm, ellipsoid to ovoid, truncate at the distal end; guttulate, inamyloid, acyanophilous; perispore thin, subhyaline, smooth; exospore thick, brown; the two walls connected by inter-wall pillars. Comments. Th is species is characterized by laccate abhymenial surface, eccentric stipe and duplex or homogeneous context. From India, it has earlier been reported/listed from Arunachal Pradesh, Assam, Chandigarh, Himachal Pradesh, Jammu and Kashmir, Kerala, Maharashtra, Manipur, Meghalaya, Mizoram, Nagaland, Punjab, Tripura, West Bengal and Uttarakhand (Bose 1920 (Bose , 1922 (Bose , 1937 Banerjee 1947; Th ind et al. 1957; Bakshi 1971; Sharma 1985 Sharma , 2000 Sharma , 2012 Singh 1987; Sharma & Ghosh 1989; Dulat 1992; Leelavathy & Ganesh 2000; Lalji 2003; Dargan et al. 2006; Bhosle et al. 2010; Kaur 2013; Ranadive et. al. 2011; Ranadive 2013; ).
8. Ganoderma mediosinense J.D. Zhao, Acta Mycologica Sinica 7(4): 205, 1988. Fig. 8 Sporocarps annual, rosette-like, stipitate, pileus up to 12 × 13 × 2.2 cm, reniform, corky; abhymenial surface laccate, sulcate, zonate, garnet brown to reddish brown when fresh as well as on drying; hymenial surface poroid, reddish grey when fresh, greyish brown to brown on bruising, not changing much on drying; pores 4-5 per mm, round to angular; dissepiments thin, entire; pore tubes up to 6 mm long, light brown; context up to 1.6 cm thick, fi brous, homogeneous, reddish brown; margins acute to somewhat obtuse, regular to irregularly wavy, pale orange to greyish orange on abhymenial side, brown on the hymenial side, sterile up to 4 mm. Stipe up to 10 × 3 cm, eccentric, complanate, solid, violet-brown, laccate; stipes of adjoining sporocarps fused. Pilear crust as hymeniodermis. Cuticular elements 26-44 × 7.5-10.3 μm, subclavate, smooth, thickwalled, brown, inamyloid. Hyphal system trimitic. Generative hyphae up to 2.8 μm wide, branched, septate, clamped, thin-walled, subhyaline. Skeleto-binding hyphae up to 5.6 μm wide, non-septate, thick-walled, occasionally branched. Binding hyphae up to 3.6 μm wide, much branched, non-septate, thick-walled. Basidia not seen. Basidiospores 9-10.5 × 5.6-6.7 μm, ellipsoid to ovoid, truncate at the distal end; guttulate, inamyloid, acyanophilous; perispore thin, subhyaline, smooth; exospore thick, brown; the two walls connected by inter-wall pillars. Comments. Ganoderma mediosinense is distinguished from other species of Ganoderma in having rosette-like sporocarps with eccentric and fused stipes in combination with ellipsoid to ovoid basidiospores. Th is species is reported herein for the fi rst time from India. It has been previously recorded only from China (Ding 1989 ).
9. Ganoderma parvulum Murrill, Bulletin of the Torrey Botanical Club 29: 605, 1902 . Fig. 9 Sporocarp annual, sessile, pilei up to 14 × 11 × 2 cm, applanate, corky; abhymenial surface laccate, sulcate, irregularly zonate, reddish brown to violet-brown when fresh, not changing much on drying; hymenial surface poroid, brownish orange when fresh, not changing much on drying; pores 4-5 per mm, semicircular; dissepiments thin, entire; pore tubes up to 1.2 cm long, brown; context up to 8 mm thick, duplex, reddish brown near the pore tubes, light brown towards the abhymenial side; margins acute to obtuse, irregularly wavy to somewhat lobed, concolorous on the abhymenial side, reddish-greyish red, sterile up to 4 mm on the hymenial side. Pilear crust as hymeniodermis. Cuticular elements 34-74.5 × 9-12.8 μm, clavate to subclavate, sinuous, rarely lobed, thick-walled, encrusted with granular matter at the apex, weakly amyloid. Hyphal system trimitic. Generative hyphae up to 2.2 μm wide, branched, septate, clamped, thin-walled. Skeleto-binding hyphae up to 7 μm wide, rarely with arboriform branching, non-septate, thick-walled. Binding hyphae up to 3.7 μm wide, much branched, non-septate, thick-walled. Basidia not seen. Basidiospores 7.4-10.5 × 4.9-6.8 μm, ellipsoid to ovoid, truncate at the distal end; guttulate, inamyloid, acyanophilous; perispore thin, subhyaline, smooth; exospore thick, brown, the two walls connected by inter-wall pillars.
Specimen examined: INDIA, Punjab: Patiala, Urban Estate Phase II, in association with roots of dried angiospermous tree, 30.487° N, 76.817° E, alt. 256 m, 13 Aug 2013, Gurpreet and Avneet 8523 (PUN) .
Comments. Th is laccate species is peculiar in having weakly amyloid, clavate to subclavate, sinuous, rarely lobed, thick-walled cuticular elements encrusted with granular matter at the apex. It is reported herein for the fi rst time from Punjab. Earlier from India, it has been reported/listed from Maharashtra (Bhosle et al. 2010; Ranadive et al. 2011; Ranadive 2013) and Uttarakhand .
10. Ganoderma ramosissimum J.D. Zhao, Acta Mycologica Sinica 8(1): 29, 1989 . Fig. 10 Sporocarps annual, stipitate, pilei up to 15 × 10 × 2 cm, semicircular to dimidiate to reniform to irregular; abhymenial surface laccate, smooth to radially-sulcate to somewhat zonate specially near the margins, brownish-orange to reddish brown to violet-brown when fresh, not changing much on drying; hymenial surface poroid, orange-white to reddish to greyish brown when fresh, not changing much on drying; pores 5-7 per mm, round; dissepiments thick, entire; pore tubes up to 8 mm long, greyish brown to light brown; context up to 1.2 cm thick, light brown to dark brown; margins irregular, wavy to lobed, acute to obtuse, reddish white on the abhymenial side, sterile up to 4 mm, brownish orange on the hymenial side. Stipe dichotomously to trichotomously to irregularly branched, up to 13 × 5 cm, eccentric to lateral, subcylindrical, solid, somewhat complanate, violet-brown, strongly laccate. Pilear crust as hymeniodermis. Cuticular elements 26-67 × 6.2-10 μm, clavate to subclavate to subcylindrical, rarely lobed, smooth, thick-walled, dextrinoid. Hyphal system trimitic. Generative hyphae up to 2.8 μm wide, branched, septate, clamped, thin-walled. Skeleto-binding hyphae up to 5.7 μm wide, rarely with arboriform branching, non-septate, thick-walled. Binding hyphae up to 3.1 μm wide, much branched, non-septate, thick-walled, sinuous. Basidia not seen. Basidiospores 8-11.3 × 5.3-6.9 μm, ellipsoid to ovoid, truncate at the distal Comments. Th is species is peculiar in having dichotomous to trichotomous to irregularly branched stipe. It is reported herein for the fi rst time from the study area. From India, it has earlier been described from Himachal Pradesh (Kaur 2013) and Uttarakhand .
11. Ganoderma resinaceum Boud., Bulletin de la Société Mycologique de France 5: 72, 1889.
Fig. 11
Sporocarps annual, substipitate to stipitate, pileus up to 15 × 10 × 1.2 cm, imbricate, semicircular to dimidiate, laterally fused, corky; abhymenial surface laccate, sulcate, somewhat zonate, reddish brown to dark brown when fresh, not changing much on drying; hymenial surface poroid, greyish orange when fresh, greyish brown on bruising as well as drying; pores 4-5 per mm, round to angular; dissepiments thin, entire; pore tubes up to 5 mm long, greyish brown to brown; context up to 7 mm thick, light brown; margins wavy to irregular, obtuse, concolorous on the abhymenial side and sterile up to 3 mm, reddish brown on the hymenial side. Stipe up to 5.5 × 8.5 cm, torulose, solid, violet brown, laccate, fused laterally. Pilear crust as hymeniodermis. Cuticular elements 24-48 × 8.7-16.5 μm, clavate, usually lobed, smooth, thick-walled, weakly amyloid. Hyphal system trimitic. Generative hyphae up to 3.3 μm wide, branched, septate, clamped, thin-walled. Skeletobinding hyphae up to 5.3 μm wide, rarely with arboriform branching, non-septate, thickwalled. Binding hyphae up to 2.6 μm wide, much branched, non-septate, thick-walled, sinuous. Basidia not seen. Basidiospores 8.4-12.5 × 5-6.6 μm, ovoid to ellipsoid, truncate at the distal end; guttulate, inamyloid, acyanophilous; perispore thin, subhyaline, smooth; exospore thick, brown, bearing an inter-wall pillars. Confl ict of interest. Th e authors declare no confl ict of interest.
